An investigation was made of the periphyton complex in a riffle area on the Uest Gallatin River,
ABSTRACT
An investigation was made of the periphyton complex in a r i f f l e area on the Wsst G allatin River, Montana, from August 1 # 2 through Ttebruary 195U. The r i f f l e gradient in 1951 was 1.76 fe e t per 100 lin e a l fe e t and average r i f f l e depth during the study period was 12 inches. One square centimeter samples were collected from form alin-treated stones placed in the r i f f l e • Some random stones were sampled as controls and to supple ment treated stones washed from the area. From August 1952 to March 1953 one periphyton sample was collected from each sta tio n while two samples ware collected from each sta tio n from March 1953 through February 195U. S ta tis tic a l analysis was made to determine the number o f "count units" needed to give sa tisfac to ry precision in making estim ates of organisms per ml sub-sample. Gross seasonal changes of the periphyton complex are described. Three divisions of algae representing 3U species and liv e phyla of animals representing 35 species were found in periphyton. Chrysophyta was the most abundant algae and Diptera was the most frequent ly represented animal. A sharp increase in number of organisms occurred in August-September and peaked in November. A decline occurred in December-January and a minor peak appeared in March. Another decline occur red in May. Organisms were found a t a minimum in July. Diatoms were superseded in number by a green algae in February 1953 and in July 1953 by a blue-green algae. Two peaks occurred in Tendepedidae larvae in 1952 and one in 1953« One peak in Simulium larvae was found in January 1951*. The abundance of organisms in re la tio n to temperature, ice formation, discharge, tu rb id ity and v elo city are considered.
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INBIODUCTION
Few quantitative investigations on the abundance and d istrib u tio n of periphyton in streams and lakes have been made. Young (l9Ui>) completed a careful limnological study of periphyton in Douglas lake, Michigan, and gave a comprehensive l i s t of organisms found on three types of su b strata.
Butcher (1932) found seasonal v ariatio n in se ssile algae growing on glass slides submerged fo r certain periods in the Rivers Lark and Tees. Neel The present investigation of periphyton was confined to a r i f f l e area on the Vfest G allatin River, immediately upstream from Shedd's Bridge, G allatin County, Montana. Thirty-four collections were made at in te rv a ls, from August 1952 through February 195U (Table I ) . A to ta l of U91 samples was taken during th is period. The objective was to determine Vtwda and seasonal abundance of periphyton organisms.
Variable d efin itio n s of periphyton occur in the lite r a tu r e . Young (1915) described periphyton as an "assemblage of organisms growing upon the free surfaces of submerged objects in water, and covering them with a slimy coating". He excludes benthos from the d efin itio n but does not separate benthic organisms from periphyton in h is tab u latio n s. Hunt (1952) defines th is complex as an "assemblage of algae and minute awimaim covering submerged objects with a slimy coating". He includes both fre eliving and se ssile organisms. Neel (1953) describes periphyton as"an assemblage of mainly microscopic organisms th a t form or liv e in coatings upon rocks and other submerged objects". KLs d efin itio n closely p a ra lle ls R uttner1S (1953) "Aufwuchs"• In the present study a ll organisms forming or liv in g within the mat are considered p a rt of the periphyton complex.
Description of Study Area and General Ifethods
In 195U the r i f f l e gradient was I . 76 fe e t per 100 lin e a l fe e t as compared with the average of 0.61* fe e t per IOO lin e a l f e e t, fo r the v a lle y portion o f the Vfest G allatin River (Purkett, 1950) . Di 1952 the r i f f l e was located a t the convergence of two channelsj one was about 30 fe e t and the other 1*5 fe e t in width. Floods in 1953 widened the larg er channel to about 80 fe e t and reduced the smaller to approximately 10 fe e t.
This placed the r i f f l e upstream 6 -8 fe e t from the 1952 p o sitio n . Die approximate average r i f f l e depth fo r both years was 12 inches. In 1952 -6-the r i f f l e proper was about 12 fe e t long and 60 fe e t wide in 1953 i t was approximately 20 fe e t long and 100 fe e t wide* Maximum and Wfriinnnq recorded discharge fo r 1952 was 6,320 and HO cubic second-feet respective ly , and fo r 1953, it,i05 and 50 cubic second-feet (Bureau of Reclamation).
Bottom m aterials in the r i f f l e did not noticeably change in type or size during the study period. Most stones were stream worn and irre g u lar ly rounded. In 195U, 2.8 percent of the area in two one-yard quadrats was coarse gravel ( l/8 to I inch diameter), 3*3 percent pebbles ( l to 2 inch diameter), 38*5 percent cobbles (2 to 10 inches diameter), and 55.h per cent boulders (10 inches or more in diameter). Some stones were so lid colors while others were mottled or streaked. The colors recognized were white, cream, pink, red, red-brown, brown, lig h t gray, blue-gray, and black. The texture of stone surfaces ranged from semi-polished to a roughness equal to about number four g r i t sandpaper.
Each sample consisted of one square centim eter. This was marked o ff by a brass ring and the m aterial enclosed was scraped o ff with a scalpel and immediately preserved In four percent form alin. V elocities to the nearest 0.01 second-feet (Leupold & Stevens Midget Current Meter) and depths to the nearest 0.5 inch were measured fo r a l l sta tio n s on each sampling date. Turbidity was determined to the n earest 0.01 ppm with a Hellige Turbidimeter a t irre g u lar in te rv a ls, usually on collection dates.
From August 1952 to July 1953 water temperatures were secured with a "checked" Taylor pocket thermometer and th e re after with a corrected maximum-minimum thermometer. 
THE PERIPHYTON COMPLEX
Organisms
Most of the organisms found in the periphyton complex were id e n tifie d to genus and some to species (Table 2) , however, i t was not possible to determine certain ones beyond the larg er categories. The algae included 3U species representing three divisions while the animals included 35 species representing five phyla.
The Chlorophyta was represented by four genera and species; Tetraspora was the most frequently occurring and Cladophora and an undetermined green algae were common. Treubarla and Closterium were observed ra re ly .
The Chrysophyta contained 18 genera and 20 species ( a l l diatoms). Neel (1953) found 21 genera of diatoms in the periphyton from the North P latte River and Young (19U5) reported nine genera in the periphyton on stones in Douglas Lake. The genera of diatoms which appeared most frequently were Navlculat Diatomat Cymbellat Cocconels t Synedrat and Ceratonels. Undetermined repre sentatives of the fami l y Gomphonemataceae also occurred frequently.
Rhoicospheniat S u rire lla t Epithemiat F ra g ila rla . Meloslrat and Pinnnlsria appeared commonly and Meridiem, Rhopalodlat and R itzschla were ra re .
The Cyanophyta had three genera and four species. The most frequent ly occurring genus was O sclllato rla while Lyngbya was common and Nostoe was ra re .
Protozoa, R otatoria, and Nematoda occurred infrequently. A single specimen of Tardigrade was found.
The Arthropoda was represented by two classes and six orders.
Diptera occurred most frequently with five fam ilies and 17 species; 12 of these were in the family Tendipedidae, two in Simulidae, and single species of each in Blepharoceridae, Deuterophlebiidae, and Rhagionidae.
Epheireroptera were common and Trichoptera and Plecoptera were r a re . A single Coleoptera was found. Only three Hydracarina were observed.
Seasonal V ariation
Selection of Stations and Sampling: Cobblestones fo r statio n s were secured from the riv e r bank. These were scraped clean and an id e n tif i cation number and reference point fo r v elo city and depth measurements were painted on the top center of each stone. Stones were trea ted with f u ll strength formalin fo r a few minutes and then immediately rinsed. !IMs l a t t e r procedure was followed so th a t the order in which organisms appeared could be determined. On May 2, 1953, ten more trea ted stones (statio n s) were arranged in five groups of twos along one-half the length of the 1952 tra n se c t. Stations in each of the fiv e groups.were placed 2-6 inches ap a rt. These were sampled from May 9 to 23J sh o rtly a fte r the l a t t e r date a l l were washed from the area. On August 3, 1953, 16 trea ted stones were placed in groups of fours along a tran sect one-half the width of the r i f f l e and six inches or less apart. The distance between groups was 12 f e e t. Between November Ilj and 29, 1953, eight stones (two groups) were lo s t and four others (one group) was believed pushed from the area by flo atin g ice on January 21, 195k.
Random stones were selected in the r i f f l e proper as controls fo r the treated stones. These also supplemented the treated stones which were washed away. Three were selected on March 9, 1953, nine on July 11, six on July 18, three on August 6; four on February 7, 19#* and three on February 23. No important difference in numbers and kinds of organisms was found on treated and random stones, except where sanples were taken e a rlie r than one week a fte r treatm ent. In a single instance random sample stones showed greater qu an tities of periphyton than the treated ones.
One periphyton sample was taken from each sta tio n on each sampling v i s i t from August 1952 to March 1953. A fter the stone (statio n ) was re -Umoved from the water, the sanpler was placed at random (without looking) on i t s surface and the enclosed periphyton scraped o ff and preserved.
ITom March 19J>3 through February 195Ii# two samples were secured from each sta tio n . A tran sect was established along the midline o f the exposed sur face from the upstream to downstream end of each stone. Samples were se cured a t random from each h a lf o f the tran sect without sampling any area twice.
Periphyton Analysis s The volumetric method and large counting c e ll used by Young (1915) and the d iffe re n tia l plankton count method described
by Tffelch (1918) were adapted fo r sample analysis. Samples were diluted or reduced to five ml and centrifuged fo r one minute a t 360 rpm. Centrifuged volumes le ss than 0.05 ml were recorded as trac e; greater than 0.05 ml and less than 1.0 ml were estimated to the nearest 0.05 ml; greater than 1.0 ml were estimated to the nearest 0.5 ml. Volume estimations over 1.0 ml could not be estimated closer than 0.5 ml because of the nature of the graduations on the centrifuge tube. A sample was placed on a counting c e ll (10 ml capacity) under a magnification of 27 I and a l l large organ isms were counted. The average fo r each co llectio n was based on to ta l counts of a l l samples. This sample was diluted again and placed in a Tiaring Blendor (10,000-12,000 rpm) fo r 30 seconds. A ll r o tif e r s and nema todes in a one ml sub-sample were counted using the same m agnification.
Diatoms, filamentous algae, and protozoa were counted a t 100 I magnific ation using a Tihipple ocular g rid . Counts were made on fifte e n 0.5618 cu mm "count u n its" obtained by random selection from each one ml sub -1 2 -sample . Using d ilu tio n and sample area, estimated averages were based on numbers calculated per one ml sub-sample. Fragments of diatoms, those le ss than 0.021 mm long, or those of doubtful id e n tific a tio n were not counted. Fragments of filamentous algae smaller than 0.106 mm in length were also disregarded. Organisms of the same species attached to each other were considered one; only those wholly within a u n it were included.
Calculations were performed in an attempt to find the number of counts needed to give sa tisfac to ry precision in estim ating the population mean numbers of various organisms per one ml sub-sample. Each of two onesquare centimeter samples were diluted to five ml and centrifuged. One (No. I ) of these was diluted to 15> ml (centrifuged volume 0.2 ml) and periphyton clumps were teased apart with needles. The other (No. 2) was diluted to 60 ml (centrifuged volume 0.5 ml) and placed in a Waring
Blendor for 30 seconds.
A one ml sub-sample was taken from each. F ifteen u n its of a sub sample from No. I were counted and 20 u n its of a sub-sample from No. 2.
The averages were computed fo r the numbers of each kind of organism in the f i r s t sub-sample fo r 5, 10, and l 5 u n its and fo r 5 , 10, 15, and 20 u n its in the second. Ninety-five percent confidence lim its fo r the true mean numbers of organisms per 0.5618 cu mm were found using the data from the 5, 10, 15, and 20 counts. A ll re su lts were then m ultiplied by 1779 to secure estimates fo r a one ml sub-sample. In sub-sample one, only the confidence band fo r Cymbella narrowed as the number o f "count units" was increased. Ei sub-sample two, the confidence band narrowed fo r Navicula, Synedraj Diatomaj Cocconeis, Cymbella, Gomphonemataceaej and O scillato ria as the number of count u n its was increased. A leveling o ff in the e s t i mated mean values occurred when the number of counts (count u n its) approached l£ . These re su lts suggest th a t no fewer than 1$ counts should be made per one ml sub-sample of the specified d ilu tio n i f sa tisfa c to ry estim ates are to be realized . Therefore 1$ counts per one ml sub-sample were made fo r a l l estimates of square centimeter samples and a l l samples were treated with a Whring Blendor. No coating of organisms was v isib le in la te June although stones f e l t slic k probably due to the presence of diatoms and blue-green algae. A th in brown film of diatoms and small scattered filaments of green algae appeared on stone surfaces in la te July and th is began to accumulate sand grains. By mid-September a re la tiv e ly th ick layer of diatoms, with obvious strands of filamentous green algae, completely covered r i f f l e bottom mater i a l . By la te November th is growth became patchy, lig h te r brown in color, and the filamentous algae appeared in clumps. Scouring action of ice from la te November to e a rly March caused variations in the quantity of p e ri phyton present. By la te March the filamentous algae was le ss obvious and the en tire periphyton complex was predominantly dark brown in color. From
Gross
April to the May-June flood period no obvious changes occurred. No crusty -1 3 -layer was found on stones in the r i f f l e a t Shedd's Bridge sim ilar to th a t reported by Toung (I9lt5) fo r Douglas Lake or a calcareous growth as des cribed by Percival and Whitehead (1930) in the River Wharfe.
Order of Appearance of Organisms: An attempt was made to determine the order of appearance of organisms on "cleaned" stones but samples were not taken soon enough a fte r stones were placed to determine the e a rlie s t a rriv a ls . Samples were taken August 16, 1922 and May 9# 1923, seven days a fte r treated stones were placed in the r i f f l e . On August 12, 1923»
samples were taken on a th ird group of cleaned stones which were placed nine days before.
Diatoms occurred in a l l three co llectio n s; those present were Diatoma1
Symedra1 Cocconeis» Navicula1 Cymbella and undetermined representatives of (l95>2-i>3 and 1953-5h) and was followed by another increase of le sse r pro portions in March (1953) • A sharp decline in diatoms and green alga* appeared in May and th is probably continued to July although lack of samples in June makes th is somewhat obscure. The number of blue-green algae was low in May and remained about the same in early July. During
July, diatoms were scarce (U,300-5,000). Blue-green algae made a decided increase (300-13,600), and green algae (6o) appeared in only one c o ll ection.
The most abundant diatom which contributed to the August-September increase in both years was Navicula. while Diatoma. Cymbella. and Gomphonemataceae were numerous. O scillato ria was the only blue-green and Tetraspora the only green algae which occurred in large numbers. Diatoms were by fa r the most abundant organisms during th is period.
During the early November peak (1952-53) Dlatoma was the most numer ous diatom and superseded Navicula. Navicula became predominant again in early December during the December-January decline (1952-53 and 1953-5U) and remained in th is position through March. Ceratoneis superseded Navicula as the most abundant diatom in May. Other diatoms which con trib u ted large numbers during the peak period were Cymbella. Cocconei s , and Gomphonemataceae. In 1952 Ceratoneis probably peaked in ea rly Nov ember but was re la tiv e ly scarce in December. I t reached maximum numbers in early October 1953 and declined sharply la te r th a t month. Tetraspora was the most numerous green algae present in 1952 and 1953 Cladophora was also found in moderate numbers. Tetraspora was the most abundant organ ism in la te Jamiaiy 1953 and held th is position through March and May, while in 1953-5U i t was exceeded in numbers by Navicula, Dlatoma, Cymbella and Oscl l l a t o r i a » Synedra occurred frequently but only in moderate numbers • Small numbers of S u rire lla , Epithemia, and F ra g ila ria occurred commonly in 1952. No r o tife rs or nematodes were included in the counts fo r 1952 because the methods used were inadequate to detect them. In 1953> the greatest abundance of r o tif e r s , protozoans, nematodes and Ephemeroptera occurred in October and November. Their abundance coincided with th a t of the diatoms, blue-green and green algae already described.
Rare organisms which occurred included Deuterophlebiidae, Blepharoceridae and Hydrac arina.
Abundance of Organisms in Relation to Physical C haracteristics (Fig. 3) Diatoms, blue-green, and green algae increased in number during the period of high temperatures (la te summer) in both years (1952-53) and peak periods were attained a fte r temperatures began to decline (OctoberNovember). Minimum numbers were reached during the period of minimum temperatures in December-January. The f i r s t depression following maximum abundance occurred immediately a fte r anchor ice and flo atin g ice were ob served. I t is believed th a t th is December-January decline in periphyton may have resu lted from the e ffe c ts of ic e .
During the August-September increase in periphyton and through the peak periods in both years, recorded discharge and tu rb id ity were low. A jgTnan increase in tu rb id ity was observed on several occasions when flo a t ing ice was abundant. The decline in numbers of periphyton organisms in
May was associated with a d is tin c t increase in discharge and tu rb id ity .
The highest recorded discharge and tu rb id ity . The highest recorded d is charge and tu rb id ity were found in June and the minimum number of organ- A preliminary e ffo rt was made to determine the e ffe c t of v elo city on the d istrib u tio n and abundance of organisms in the periphyton complex.
Water v elo cities were measured in various places on the exposed surfaces of fivb stones a t various depths (2-9 inches). These were found to in crease from the upstream to downstream end of the stones. The average for the upstream h a lf was O.67 f /s while the downstream h alf was 1.76 f / s .
The numbers of diatoms, blue-green, and green a lga*5 * were about the same on both halves of the stone during August and September (1993) . Dur ing November the number of diatoms, blue-green, and green algae was higher on the downstream h a lf. Ihe numbers were as follows* diatoms* upstream 2,310,000; downstream 2 ,8 m ,000; blue-green: upstream 33,200; downstream 38,900, and green algae: upstream 2,U00; downstream 3,1*00. In November and early December the numbers were sim ilar on both p arts o f the stones.
In January 1991*, the numbers were as follows; diatoms: upstream I*,000; downstream ll*,900; blue-green: upstream 890; downstream 2,000; and green algae: upstream 260; downstream none.
During the increase in August-September (1993) Tbndepedidae and Simulium larvae were found in about the same numbers on both portions of the stones. In the November peak the numbers of Tendepedidae were some what higher on the downstream (9.73) than on the upstream side (6.91*).
There was l i t t l e difference in the number of Tendepedidae on each h a lf of the stones in December, January, and February (1992-93) . More Simulium
